The objective of this study was to investigate the clinical and neuropsychological correlates of white matter abnormalities in patients with schizophrenia studied early in the course of illness. A total of 33 (21 male/12 female) patients with recent onset schizophrenia and 30 (18 male/12 female) healthy volunteers completed structural and diffusion tensor imaging exams. Patients also received clinical and neuropsychological assessments. Fractional anisotropy (FA) maps were compared between groups in the white matter using a voxelwise analysis following intersubject registration to Talairach space and correlated with functional indices. Compared to healthy volunteers, patients demonstrated significantly (po0.001, cluster size X100) lower FA within temporal lobe white matter regions corresponding approximately to the right and left uncinate fasciculus, left inferior fronto-occipital fasciculus, and left superior longitudinal fasciculus. There were no areas of significantly higher FA in patients compared to healthy volunteers. Lower FA in the bilateral uncinate fasciculus correlated significantly with greater severity of negative symptoms (alogia and affective flattening), and worse verbal learning/memory functioning. In addition, higher FA in the inferior fronto-occipital fasciculus correlated significantly with greater severity of delusions and hallucinations. White matter abnormalities are evident in patients with schizophrenia early in the course of illness, appearing most robust in left temporal regions. These abnormalities have clinical and neuropsychological correlates, which may be useful in further characterizing structure-function relations in schizophrenia and constraining neurobiological models of the disorder.
INTRODUCTION
There is increasing evidence that schizophrenia involves structural alterations in the brain white matter and that a defect in this connectivity contributes to the pathophysiology of the disorder (Davis et al, 2003) . Post-mortem studies have identified abnormalities in the myelin sheath (Uranova et al, 2001 ) and oligodendroglia in patients compared to healthy volunteers. Decreased expression of several myelination-related genes in patients further supports the hypothesis of white matter abnormalities in schizophrenia (Hakak et al, 2001) . Moreover, a metaanalysis of magnetic resonance imaging (MRI) studies also implicated white matter abnormalities in patients at the gross anatomic level, indicating that they are more pronounced in frontal and temporal lobe regions (Wright et al, 2000) .
Diffusion tensor imaging (DTI) is an MRI technique that may have implications for understanding the anatomical organization of axons and myelin sheath and thus represents a potentially powerful tool for in vivo mapping of anatomical connectivity in humans. If the pathophysiology of schizophrenia reflects a disturbance in the white matter, then such abnormalities might be observed using DTI. Early studies showed widespread anisotropic alterations in the integrity of prefrontal white matter (Buchsbaum et al, 1998) and whole-brain white matter (Lim et al, 1999) . Subsequent studies reported lower anisotropic diffusion within specific regions including the corpus callosum (Ardekani et al, 2003; Kubicki et al, 2005) , internal capsule (Kubicki et al, 2005 ; Szeszko et al, 2005a; Buchsbaum et al, 2006; Mitelman et al, 2007) , anterior cingulate (Kumra et al, 2005; Wang et al, 2004; Kubicki et al, 2003) , arcuate fasciculus (Kubicki et al, 2005; Burns et al, 2003) , and inferior longitudinal fasciculus (Hubl et al, 2004) . Additional studies reported a lack of normal asymmetry in white matter regions such as the internal capsule (Park et al, 2004) , uncinate fasciculus (Park et al, 2004; Kubicki et al, 2002) , and superior longitudinal fasciculus (Park et al, 2004) in patients compared to healthy volunteers and that internal capsule abnormalities are associated with worse outcome among patients (Brickman et al, 2006) .
The majority of prior DTI studies in schizophrenia may be limited, however, by the use of chronic patients treated for long periods of time with antipsychotic medications. Examination of these abnormalities closer to illness onset in schizophrenia may be an important consideration, especially given evidence for a progressive reduction in white matter volume over the course of illness (Ho et al, 2003) . Moreover, although white matter microstructural abnormalities have been identified in schizophrenia their functional significance remains largely unknown. In this study we report a voxelwise analysis of DTI data in patients with recent onset schizophrenia compared to healthy volunteers and their clinical and neuropsychological correlates. We hypothesized that patients would demonstrate lower fractional anisotropy (FA) compared to healthy volunteers in the frontal and temporal lobe white matter. Moreover, consistent with prior work linking neuropsychological measures to structural deficits in frontotemporal regions (Antonova et al, 2004; Lim et al, 2006; Nestor et al, 2004) , we predicted that lower FA in the frontal and temporal lobes would be associated with worse executive and memory functioning, respectively.
METHODS

Subjects
The 33 patients included in this study were recruited from admissions to the inpatient service at The Zucker Hillside Hospital in Glen Oaks, NY. All but two patients had participated in a clinical treatment trial comparing the efficacy of risperidone vs olanzapine. Further details regarding the ascertainment of patients and the clinical trial are available in Robinson et al (2006) . In the present study we defined recent onset as having a duration of illness from the index episode or entry into the clinical trial to the MRI exam of 4.25 years or less (median ¼ 79 weeks, mode ¼ 0, range ¼ 0-4.25 years). The mean number of weeks from hospitalization and the initiation of antipsychotic treatment to the DTI exam was 77 (SD ¼ 78). Patients had minimal antipsychotic drug exposure before the initiation of treatment in the clinical trial: 27 had no prior treatment, 1 had 2 weeks of treatment with risperidone, 2 had 2 days of treatment (1 with risperidone and 1 with haldol and olanzapine), 1 had 3 days of treatment with haldol, 1 had 4 days of treatment with haldol and risperidone, and 1 had 6 days of treatment (antipsychotic unknown). Diagnoses were based on the SCID for Axis I DSM-IV disorders supplemented by information from family members and clinicians. All patients met DSM-IV criteria for schizophrenia (n ¼ 25), schizoaffective disorder (n ¼ 4), or schizophreniform disorder (n ¼ 4). All patients received a physical exam and laboratory screening to rule out medical causes of their psychotic episode. Eleven patients had a comorbid diagnosis of substance abuse and seven patients were antipsychotic drug naive at the time of their scan. Mean age at first psychotic symptoms was 20.5 (SD ¼ 4.2). In addition, 33 healthy comparison subjects were recruited from local newspaper advertisements and through word of mouth in the community. Exclusion criteria for healthy subjects included the denial of any Axis I psychiatric disorder (lifetime) and having a first-degree relative with psychosis as determined by clinical interview and the SCID-NP. Exclusion criteria for all study participants included metal implants, any serious neurologic or endocrine disorder, or meeting DSM-IV criteria for mental retardation. This study was approved by the North ShoreF Long Island Jewish Medical Center Institutional Review Board and written informed consent was obtained from all study participants.
Handedness
Classification of handedness was based on a modified version of the Edinburgh Inventory consisting of 20 items. Total number of right and left hand items was scored and the laterality quotient was computed according to the following formula: (Total RÀTotal L)/(Total R + Total L). This yielded a total laterality quotient for each subject that ranged from + 1.00 (totally dextral) to À1.00 (totally nondextral). Subjects with a laterality quotient greater than 0.70 were classified as dextral, and the rest as nondextral.
Clinical Assessments
We computed two symptom cluster scores based on items from the Scale for the Assessment of Negative Symptoms (SANS) and Schedule for Affective Disorders and SchizophreniaFchange version with psychosis and disorganization items (SADS-C + PD). The positive symptom cluster score was computed as the average of the severity of delusions and severity of hallucinations items from the SADS-C + PD. The negative symptom cluster score was computed as the average of the global ratings of affective flattening, alogia, avolition apathy, and asociality from the SANS. Intraclass correlation coefficients among three psychopathology raters for the SADS-C + PD severity of delusions item was 0.79 and for the severity of hallucinations item was 0.90. Intraclass correlation coefficients for the global items of the SANS ranged from 0.66 to 0.82.
Neuropsychological Assessments
To minimize Type-I error we computed five neuropsychological domains a priori based on what the individual tests purport to measure, a strategy employed by our group previously in first-episode schizophrenia (Bilder et al, 2000) , childhood-onset schizophrenia (Rhinewine et al, 2005) , and prodromal schizophrenia (Lencz et al, 2006 
Magnetic Resonance Imaging Procedures
MRI examinations were conducted at the Long Island Jewish Medical Center on a General Electric 1.5 T whole body superconducting imaging system. All scans were reviewed by a neuroradiologist for gross pathology, which would preclude participation in this study. Scans were also reviewed by a member of the research team, and any scan with significant artefacts was repeated. We minimized movement by stabilizing the head with cushions and tape before scanning.
A total of 26 DTI volumes were obtained from each subject that included 25 volumes with diffusion gradients applied along 25 nonparallel directions with b ¼ 1000 s/mm 2 and NEX ¼ 2, and one volume without diffusion weighting (b ¼ 0; NEX ¼ 2). Each volume consisted of 23 contiguous 5 mm axial slices acquired parallel to the anterior-posterior commissural line using a ramp sampled, spin-echo, single-shot echo-planar imaging (EPI) method (TR ¼ 10 s, TE ¼ 83.3 ms, 128 Â 128 matrix, field of view (FOV) ¼ 22 cm). We did not find any evidence for systematic ghosting on the diffusion tensor images as determined from visual inspection of images before analysis.
To provide a high-resolution anatomical reference, 124 contiguous coronal images (slice thickness ¼ 1.5 mm) were acquired through the whole head using a 3D Fast SPGR sequence with IR Prep (TR ¼ 10.1 ms, TE ¼ 4.3 ms, TI ¼ 600 ms, FOV ¼ 22 cm, 256 Â 256 matrix) producing nominal in-plane resolution of 0.86 Â 0.86 mm. In addition, an oblique axial fast spin echo scan (TR ¼ 4 s, TE ¼ 20/100 ms, FOV ¼ 22 cm, 256 Â 256 matrix) was acquired at the same slice positions as the diffusion tensor images and provided contiguous 5 mm thick proton density (PD) and T2-weighted (T2) images. The fast spin echo PD and T2 volumes were used for rigid-body registration and distortion correction of diffusion images and for image segmentation.
Image Processing
Image processing was conducted using three image registration steps based on previously published methods (Szeszko et al, 2005a, b) . Briefly, nonbrain regions were removed from the SPGR images using the brain extraction tool of the FSL software package; these results were improved manually using the MEDx software package (v. 3.4; MEDx, 2000) . Total intracranial volumes were computed for all individuals; the median volume was transformed into Talairach space using the AFNI software package and used as the target (template) image. SPGR volumes from the other study participants were matched to the target volume using an in-house nonlinear registration software program (Ardekani et al, 2005) . For all individuals the cropped SPGR volume was registered to their fast spin echo T2/PD volumes (Ardekani et al, 1995) yielding a resliced SPGR volume with the same orientation and voxel size as the T2/PD volumes. These resliced SPGR volumes were used as masks to delete nonbrain regions from the T2/PD volumes of the respective subject. The resulting image sets (ie cropped T2/PD and cropped and resliced SPGR) were used as three channels in the FSL-FAST software package to create a white matter mask for each subject following segmentation of the brain into white matter, gray matter, and cerebrospinal fluid (Figure 1) . A mask is defined as a binary image in which the voxels have a value of 1 if they belong to the tissue of interest and 0 otherwise. Individuals' white matter masks were transformed to Talairach space and averaged and thresholded at 40% to obtain a white matter mask for the entire group. Voxelwise statistical analyses were confined to the voxels comprising this white matter mask. To correct for spatial distortion of the DTI EPI data, we registered the b ¼ 0 DTI volume to the cropped T2 volume using an in-house nonlinear registration program (Ardekani et al, 2005 ; Figure 2 ).
For all individuals an FA map was computed from the DTI volumes following derivation of the eigenvalues of the diffusion tensor matrix for each voxel using methods described previously by Basser (1995) . The diffusion tensor and FA maps were computed in the original native coordinates of the acquired images before any registration operations were applied to the scalar values. The FA map of each subject was transformed into Talairach space by combining the three transformations described above: (1) intersubject nonlinear deformation of the SPGR volume to the target volume; (2) intrasubject linear rigid-body transformation of the SPGR volume to the T2/PD volume; and (3) nonlinear intrasubject registration of the DTI to the T2 volume for distortion correction. The resulting transformation was then applied to the original FA map by a single interpolation operation. We, therefore, obtained FA maps of matrix size 161 Â 191 Â 151 and voxel size 1 Â 1 Â 1 mm 3 in common Talairach space. Both the registered FA and white matter images were smoothed with a 3D isotropic Gaussian kernel with s ¼ 6 mm. Identification of specific white matter tracts was made using the MRI Atlas of Human White Matter by Mori et al (2005) .
Statistical Analyses
Group differences in demographic variables were examined using independent groups t-tests. w 2 -tests were used to examine differences in joint classifications of discrete variables. Two-sample t-tests were performed at each voxel on the FA values within the brain white matter between patients and controls. Voxels that had a t-statistic greater than 3.22 (po0.001; two-tailed) and were part of a spatially contiguous cluster size of 100 voxels or greater were considered to have significantly different FA in patients compared to healthy volunteers. This a level and cluster size was chosen to maintain a balance between Type-I and Type-II error rate given the potential for increased Type-I error due to multiple comparisons, but recognizing that tests at adjacent voxels are strongly interdependent (Forman et al, 1995) and for consistency with our six-direction DTI pilot study in first-episode schizophrenia (Szeszko et al, 2005a) . Partial correlation analysis was used to examine the relationship between FA and the neuropsychological measures while controlling for education level. Given that patients were at various stages of treatment, we used antipsychotic treatment duration as a covariate in partial correlation analyses investigating FA in relation to positive and negative symptoms. All scatterplots were inspected for possible outliers that could unduly influence results. We used the method described by Meng et al (1992) to compare the magnitude of correlation coefficients and test for specificity of structure-function relations. As a further test of selectivity among patients, we examined the relationship between the white matter regions that differed significantly between groups (independent variables) as predictors of each domain of neuropsychological functioning using multiple regression. Complete clinical and neuropsychological data were unavailable for two patients. In addition, one patient was missing data for WCST perseverative errors and another patient was missing data for left-handed grooved pegboard performance. Additional analyses investigated the potential effects of sex, education, duration of psychosis, antipsychotic drug exposure, and substance abuse history on the observed findings.
RESULTS
Patients and comparison subjects did not differ significantly in distributions of age, sex, laterality quotient, parental social class, or race (see Table 1 ). Moreover, the subgroup of antipsychotic drug-naive patients did not differ significantly in neuropsychological functioning from patients being treated with antipsychotics in any of the neuropsychological domains, but as expected, had significantly greater positive and negative symptoms.
Clusters of at least 100 contiguous voxels (po0.001) superimposed on the average normalized SPGR for all subjects are illustrated in Figure 3 . Significantly decreased FA in patients compared to healthy volunteers was observed in four regions in the temporal lobe white matter (see Figure 3 and Table 2 ). Repeated measures analysis of covariance using education as a covariate indicated that patients had significantly lower FA across these 4 regions (F(1, 60) ¼ 13.15, p ¼ 0.001). Neither the main effect of sex nor the group-by-sex interaction was statistically significant. There were no areas of significantly higher FA in patients compared to healthy volunteers at this threshold and cluster size.
Lower FA in the uncinate fasciculus bilaterally correlated significantly with greater severity of negative symptoms (r ¼ À0.36, df ¼ 31, p ¼ 0.048), which remained significant while controlling for antipsychotic treatment duration (r ¼ À0.36, df ¼ 28, p ¼ 0.047; Figure 4 ). Post hoc tests revealed significant correlations of uncinate fasciculus FA with the global rating of alogia (r ¼ À0.43, df ¼ 28, p ¼ 0.016) and the global rating of affective flattening (r ¼ À0.46, df ¼ 31, p ¼ 0.009). In addition, higher FA in the inferior fronto-occipital fasciculus correlated significantly with greater severity of positive symptoms (r ¼ 0.60, df ¼ 31, po0.001), which remained significant while controlling for duration of antipsychotic treatment (r ¼ 0.60, df ¼ 28, po0.001; Figure 5 ). Post hoc tests revealed significant effects for the global rating of hallucinations (r ¼ 0.64, df ¼ 31, po0.001) and the global rating of delusions (r ¼ 0.52, df ¼ 31, p ¼ 0.003). Post hoc investigation of individual hallucination and delusion items on the SADS-C + PD revealed that higher FA in this region was significantly correlated with greater severity of auditory hallucinations (r ¼ 0.57, df ¼ 31, p ¼ 0.001), tactile Correlations of NP domains and white matter regions that differed between groups are illustrated in Table 3 . Lower FA in the uncinate fasciculus bilaterally correlated significantly with worse verbal learning/memory (r ¼ 0.46, df ¼ 31, p ¼ 0.009), which remained significant while controlling for education (r ¼ 0.41, df ¼ 28, p ¼ 0.025; Figure 6 ). This finding was more robust for the right (r ¼ 0.34, df ¼ 28, p ¼ 0.06) compared to the left (r ¼ 0.25, df ¼ 28, p ¼ 0.18) hemisphere, although the magnitude of these correlations did not differ significantly from each other. Testing the specificity of structure-function relations revealed that FA in the uncinate fasciculus correlated significantly more strongly with verbal learning/memory functioning compared to performance on the visual memory (z(diff) ¼ 3.26, b c a Figure 3 White matter regions in which FA was significantly (po0.001; 100 voxels) lower in patients compared to healthy volunteers in the right and left uncinate fasciculus (a), inferior fronto-occipital fasciculus (b), and superior longitudinal fasciculus (c). A description of these regions can be found in the text and Table 2 . Abbreviation; NS, not significant. Data are presented as mean7SD in parentheses, unless otherwise indicated. There were data were missing for the following variables: parental social class (one patient), years of education (three patients, one healthy volunteer), and laterality quotient (one healthy volunteer).
a Hollingshead Redlich Scale. b Parental social class was rated on a scale from 1 (highest) to 5 (lowest). Due to the low number of expected frequencies in groups 1 and 5, groups 1 and 2 were combined, and groups 4 and 5 were combined for analysis. c Race coded as Caucasian, African-American, Hispanic, Asian, and other. Because more than 20% of the categories for race had expected frequencies of less than 5 we combined the latter three groups (ie Hispanic, Asian, and other) into a single group for analysis. 
None of the multiple regressions predicting any other neuropsychological domain using the white matter regions that differed significantly between groups as independent variables was significant. Additional analyses investigated the potential effects of illness duration, prior antipsychotic drug exposure, and substance abuse history on the observed findings. There were no significant correlations between age at first psychotic symptoms and FA in any of the four regions that differed significantly between patients and healthy volunteers. Additional analyses revealed that both antipsychotic drug-naive patients (F ¼ 10.05, df ¼ 1, 35, p ¼ 0.003) and patients without any history of substance abuse (F ¼ 59.71, df ¼ 1, 50, po0.001) had significantly lower FA across the four regions compared to healthy volunteers; the group-byregion interaction was not statistically significant in either analysis. We found no significant effect of group for antipsychotic treatment duration when we used a median split to categorize patients into short vs long antipsychotic drug exposure. Moreover, antipsychotic drug-naive patients did not differ significantly from patients exposed to antipsychotic medications in FA for the four regions identified as abnormal in the overall sample. Exploratory correlations, however, revealed that antipsychotic treatment duration was significantly correlated with FA in the superior longitudinal fasciculus (r ¼ À0.44, df ¼ 33, p ¼ 0.011), but not with FA in any of the other three regions.
DISCUSSION
Our findings suggest that patients with schizophrenia studied early in the course of illness exhibited lower anisotropic diffusion in temporal lobe white matter regions corresponding approximately to the uncinate fasciculus, inferior fronto-occipital fasciculus, and superior longitudinal fasciculus. Lower anisotropic diffusion in the brain white matter of patients could be associated with either micro-or macrostructural alterations involving the myelin sheath and/or directional coherence of fiber tracts. Several post-mortem studies reported structural abnormalities in the oligodendroglia , which could be associated with changes in tissue water mobility as assessed via DTI. Moreover, microarray studies reported downregulation of oligodendrocyte and myelination genes as well as alterations in transcription factors believed to regulate gene expression (Tkachev et al, 2003) , which also purportedly play a role in white matter development. In that regard it may therefore be noteworthy that Bartzokis et al (2003) reported that patients with schizophrenia lacked the normal age-associated decreases in gray to white matter ratios in the frontal and temporal lobes implicating a defect in white matter volume expansion among patients.
In the present study white matter abnormalities were evident mainly in left temporal regions in patients compared to healthy volunteers consistent with hypotheses regarding the failure of left hemisphere lateralization in the pathophysiology of schizophrenia (Crow, 1999) . Our findings thus converge with Kubicki et al (2002) and Burns et al (2003) who reported abnormal anisotropic diffusion in the left hemisphere white matter in patients with schizophrenia. There is considerable evidence for asymmetry in several temporal lobe regions (eg the planum temporale) in healthy humans reflecting their importance in language processing (Galaburda et al, 1978) . Interestingly, language abnormalities have been reported to be some of the core deficits observed in schizophrenia (Szeszko et al, 1999; Ruchsow et al, 2003) and have been associated with abnormal temporal gray matter asymmetry in schizophrenia (Jacobsen et al, 1997) . Our findings also converge with prior volumetric MRI studies reporting less left hemisphere superior temporal gray matter in both chronic (Kwon et al, 1999) and first-episode (Hirayasu et al, 2000) patients compared to healthy volunteers. It is also of interest that the centroid of the two posterior left temporal white matter regions identified as abnormal in the present study, which included the inferior fronto-occipital fasciculus and superior longitudinal fasciculus, was within 13 and 11.9 mm, respectively from the centroid of the superior temporal white matter region identified as abnormal in our prior sixdirection DTI study (Szeszko et al, 2005a) .
The finding that patients had abnormal white matter in the uncinate fasciculus is consistent with results from several prior DTI studies in schizophrenia that used older samples (Kubicki et al, 2002; Burns et al, 2003) and with hypotheses regarding abnormal frontotemporal connectivity playing a role in the pathophysiology of the disorder (Szeszko et al, 2002 (Szeszko et al, , 2003 Bilder et al, 1995) . Investigation of the functional correlates of FA in the uncinate fasciculus revealed significant inverse correlations with negative symptoms, including alogia and affective flattening. Our results thus converge with prior studies reporting an association between temporal gray (Anderson et al, 2002) and white (Sigmundsson et al, 2001 ) matter volumetric deficits and negative symptoms in patients with schizophrenia. Moreover, lower FA in this region correlated significantly with worse memory functioning. This finding is consistent with Nestor et al (2004) who reported that lower FA in the uncinate fasciculus correlated significantly with worse declarative-episodic verbal memory in a cohort of chronic patients. Similarly, Lim et al (2006) reported that lower FA in the white matter surrounding the hippocampus was associated with worse verbal declarative memory. Taken together, our findings provide evidence for clinical and neuropsychological correlates of anterior temporal lobe white matter abnormalities in patients with schizophrenia early in the course of illness.
We also observed a significant association between higher FA in the left inferior fronto-occipital fasciculus and greater severity of hallucinations and delusions. Although this correlation was not predicted a priori, it is consistent with data from Hubl et al (2004) who reported higher white matter directionality in a lateral temporoparietal region among patients with auditory hallucinations compared to patients without auditory hallucinations and healthy control subjects. Our findings also converge with Shergill et al (2007) who recently reported that higher FA in the superior longitudinal fasciculus and anterior cingulum was associated with a propensity to experience auditory hallucinations, although FA was lower overall in patients compared to healthy volunteers. One possible interpretation of our data is that higher FA in regions involved in processing of language and/or other auditory functions could make patients more prone to experiencing positive symptoms. Alternatively, it must be acknowledged that white matter changes in this region could be the result of having positive symptoms.
Abnormalities appeared less widespread in this sample of patients with schizophrenia studied early in the course of illness compared to studies that used more chronic samples (Buchsbaum et al, 1998; Lim et al, 1999) . In this regard our findings converge with Bagary et al (2003) who reported relatively circumscribed white matter abnormalities in firstepisode patients compared to healthy volunteers in the medial prefrontal cortex, insula, and uncinate fasciculus of first-episode patients compared to healthy volunteers using magnetization transfer imaging. One explanation for the finding of less widespread white matter abnormalities in our cohort of recent onset patients is that they are progressive. This possibility would be consistent with recent MRI evidence for a progressive reduction in frontal lobe white matter volume in patients with schizophrenia over an average period of 3.3 years (Ho et al, 2003) . It should also be acknowledged, however, that our study may have had reduced power to detect more widespread FA anomalies among patients prone to more chronic illness. Interestingly, there was an approximate 1.5 SD difference in FA between patients and healthy volunteers across the brain white matter in the Lim et al (1999) study compared to an approximate 1.8 SD difference in FA across the white matter regions identified as significantly different between groups in the present study. Thus, while abnormalities may be less widespread in these early onset patients compared to more chronic samples, the severity of deficits between these groups appears comparable.
There were several limitations to this study that should be acknowledged. A possible limitation of voxelwise analysis is the problem of multiple comparisons and the increased risk of a Type-I error. To limit this possibility, however, we investigated FA only in the brain white matter and focused our hypotheses on the frontal and temporal lobes. In that regard it is noteworthy that we did not observe any areas of increased FA in patients despite the bias toward a Type-I error, thus strengthening the specificity of the observed findings. In addition, despite the fact that our registration algorithm has advantages over other methods (Ardekani et al, 2005) , we cannot discount the possibility of image misregistration. It should also be noted that many patients in our study were receiving antipsychotic medications.
Although the effects of antipsychotics on FA are not well understood, several prior studies reported an association between FA and antipsychotic treatment (Minami et al, 2003; Kuroki et al, 2006) as we also observed. Longitudinal DTI studies tied to standardized clinical trials will best address questions regarding possible changes in white matter integrity that are associated with antipsychotic treatment. Another study limitation is that in the absence of the DTI colormaps neuroanatomical localization of abnormalities to white matter bundles should be considered approximate.
In summary, we present evidence for temporal lobe white matter abnormalities in patients with schizophrenia, as assessed via DTI, early in the course of illness as well as data suggesting that these abnormalities have functional correlates. The observed pattern of structure-function relations and symptom correlates may be useful in constraining neurobiological models of the disorder.
